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Computer controlled wheel braking system* 

COMPLETE SPECIFICATION 



We, SOCIETE D'EXPLOITATION DES 

Materiels HiSPANOSUiZA, a French Body 
Corporate of rue du Capitainfe Guynemer, 
Bois-Colombes (Seine) France, do hereby 
5 declare the invention, for which we pray 
that a patent may be granted to us and 
the method by which it is to be perform^, 
to be particularly described in and by the 
following siatemenl: — 

10 This invention relates to vehicle braking 
systems and particularly to automatically 
controlled vehicle braking systems. 

Th'e present invention is directed towards 
servo-controlled braking systems either for 

15 vehicles which maintain a permanent con- 
tact with the ground (land vehicles), or 
for those which are only temporily in con- 
tact therewith (aircraft), such systems in- 
cluding, in a general manner, braking de- 

20 vices comprising at least one servo-control 
of any type appropriately arranged so as 
to be able to cause the application of a 
regulatable braking force to at least one 
wheel of the vehicle. The present descrip- 

25 tion is more particularly directed towards 
devices of this type adapted for effecting 
the braking of aircraft. However, this is 
only for purposes of description and because 
such application appjears to have thfe great- 

30 est interest at this time, and it should be 
appreciated that the present invention 
could be used equally well to control the 
brnking of any other type of vt^hicle. 

It is an object of this invention to reduce 

35 to a, minimum the wear experienced by 
braking surfaces. 

It is another object of this invention to 
increase the safety of aircraft landings, and 
remove the possibility of human error 

40 during the application of aircraft wheel 
brakes. 

According to the present invention there 
is provided a braking system for vehicles 
adapted to run on the ground, comprising 
45 at least one servo-control arranged so as to 
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bfe capable of producing on at least one 
wheel of radius R and of inertia moment 
I belonging to the vehicle to be braked an 
adjustable braking torque, the said servo- 
control being subjected to an electronic 50 
system into which is introduced informa- 
tion relating to the movements of the said 
vehicle, more particularly information re- 
lating to the speed V of the vehicle itself, 
the braking torque C ex'eried on the braked 55 
wheel and the instantaneous angular speed 
n of the said wheel, characterised in that 
the electronic system comprises a computer 
capabi'e, at each instant and whatever the 
state of the ground, of producing a binary 60 
signal ± Ul of variable duration, the sign 
of this binary signal ± Ut being the sign 
of the derivative of the drag force 
1 dn 

F = — (C — I — ) relatively to the slippage 65 
R dt 
nR 

g=l , whereas the duration of this 

V 

binary signal ± Ut is equal to the tim'e 70 

dF 

during which the said derivative — retains 

the same sign, the sign of this derivative 
dF 75 
— being determined directly or indirectly. 

of using the sign and the duration of this 
binary signal ± Ut to produce another 
signal go known as the '^assigned slippage" 80 
signal representing a slippage better adap- 
ted to the conditions existing at the instant 
in question, this assigned slippage gc cor- 
responding to an angular speed of the 
braked wheel known as the "assigned 85 
angular speed", and a regulator receiving, 
amongst other information, an information 
relating to the said desired angular speed 
Uo and an information r'elating to the in- 
stantaneous angular speed n of the braked 90 
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wheel, the said regulator acting on the said 
servo-control in such a manner that the 
value of the instantaneous angular speed 
n is maintained at the value of the desired 
5 angular speed Uc calculated by the com- 
puter. 

The invention is illustrated by way of 
example in the accompanying drawings, in 

which: 

10 Fig. 1 is a block diagram of a complete 
automatic braking system according to the 
present invention; 

Figs. 2 and 3 are graphs showing several 
relations involved in the operation of the 

15 systems of the present invention; 

Figs. 4, 5 and 6 are schematic block 
diagrams of three embodiments of the con- 
trol systems used in the system of Fig. 1; 
Fig. 7 is a schematic diagram of the 

20 hydraulic system of the Fig. 1 device; 

Fig. 8 is a diagranimatic view illustrating 
a different embodiment of a portion of a 
braking system; 

Fig. 9 is an explanatory diagram; and 

25 Fig. 10 is a diagrammatical view of a 
modification of the^braking system. 

One form which thfe present invention 
may take is shown in Fig. 1 as being 
housed within an aircraft equipped with a 

30 main landing gear 2 on which is mounted 
at least one wheel 3 furnished with brakes 
3a which will be operated by a servo-con- 
trol which is preferably, but not necessarily, 
of the hydraulic type. 

35 Before proceeding with a discussion of 
the structure shown by the drawings cer- 
tain considerations should be mentioned. 

It is known that the eJSicacity of a wheel 
brake, particularly in terms of the braking 

40 torque C which can be developed, is often 
superior to that required under certain 
minimal load conditions (when the aircraft 
is empty for example) or certain ground 
surface conditions (when the runway is wet, 

45 for example), with the result that it is 
necessary to be able, at each instant, to 
adapt torque C to the then existing condi- 
tions. 

However, the manual brake control 

50 systems currently available are incapable 
of obtaining an optimum braking control. 
Most of the automatic systems previously 
proposed have the same shortcoming, these 
systems being principally concerned with 

55 preventing the wheels from being locked, 
to avoid skidding, but not being capable 
of obtaining an optimum braking action. 

In this condition it may be noted that 
a braking regulator should in order to 

60 achieve its full effectiveness, be able to 
adapt, at each instant and in an automatic 
manner, the braking torque to be exerted 
C to th'e maximum po.ssible drag force F, 
this force being equal to the product of the 

65 coefficient of friction k between the lire and 



the ground and of the vertical load exerted 
on the whefel to which said tire is attached. 

The natures of these two parameters will 
ncv/ be examined in detail. 

In so far as concerns, first of all. the 70 
friction between the wheel and thfe ground, 
it is known that the coefficient of friction 
k depends on the relative sjDeed between 
the two, this relative speed being depen- 
dent on tv/o factors: the true ground speed 75 
V of the aircraft and the slippage s of the 
wheel, tills slippage being defined at each 
instant by the relation 

V -nR 

g , 80 

V 

where n is the speed of revolution of the 
wheel in radians /sec. and R is the wheel 
radius in units consistent with those used 
for V (preferably meters for R and meters/ 85 
sec for V, respectively). 

Th'e variation of the coefficient of friction 

as a function of g shows, as may be seen 
from Fig. 2, that k passes through a maxi- 
mum A'l at a slippage value generally 90 
ranging between 5% and 20% for a typical 
given value of V. 

K the variations of this maximum co- 
efficient of friction ki are plotted as a func- 
tion of die aircraft spe^ V. it appears, as 95 
shown in Fig. 3, that ki decreases rapidly 
as speed V increases until kj reaches a 
relatively low value, after which it remains 
relatively constant for further increases in 
speed. 100 

It should be appreciated that these two 
curves correspond only to the case of a 
surface whose characteristics remain con- 
stant over the entire path of travel of the 
aircraft- Such a condition is evidently not 105 
always fulfilled, the nature of the surface 
of a runway often varying due to many 
factors such as variations in the quality of 
surfacing of the runway from one point to 
another or the presence of areas of water, 110 
snow, ic'e or oil on the runway. It thus 
results that in reality there exists a whole 
family of curves similar to those of Figs. 
2 and 3. 

In so far as concerns the vertical load P 115 
exerted on the wheel in question, its aver- 
age valu'e is known for a given type of 
aircraft, but it nevertheless remains that 
the variations of P around its average value 
may be relatively large and that the causes 120 
of these variations, which can be fores'een 
in some cases (variations in the lift of the 
aircraft as a function or speed), cannot be 
foreseen in many other cases (e.g. due to 
uneveness in the runway surface) to such 125 
an extent that it is extremely difficult to 
know the actual value of P at each 
moment. 

If, taking the above-discussed factors in- 
to consideration, one considers a short 130 
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period of time during Nvhich there is applied 
lo the wheel a braking torque C superior to 
ihat called for by the value F of the drag 
force exerted on the wheel by the ground 
5 (thte values of P and V being assumed to 
be constant for the short period of time 
here under consideration), the torque due 
to the drag force F increases progressively 
and the slippage g of the whfeel also in- 

10 creases until, reaching the value corres- 
ponding to the maximum value ki of the 
coefficient of friction k. After reaching this 
value, further increases in thfe slippage (the 
rale of rotation n of the wheel decreases) 

15 are accompanied by decreases in the drag 
force F. 

If no exterior influence intervenes, this 
process will continue until the wheel 
be_'ornes locked (n=o). 

20 Although the vertical load P on the 
wheel in question might vary from instant 
tn instant, it is obvious that the drag force 
F will always be at its maximum possible 
value if the coefficient of friction k between 

25 the wheel and the ground is at its ky value. 
TlieicPore, it may be considered that F 
follows the same curve with respect to g as 
does A', for any given value of P. 

Considering tKfen that the ordinates of 

30 Fig. 2 are proportional to the values of the 
drag force F, it will be seen that when the 
slippage is between O and g, (Fig. 2) any 
change in slippage will be accompanied by 
a change of F in thfe same sense; i.e. the 

35 lime derivative of g will have the same 
sign as that of F. This region of the curve 
corresponds to conditions under which it 
is desired to operate. Conversely, when 
the systtem is operating under conditions 

40 such that, in Fig. 2 ^ is between gi and 
100% corresponding to the case where C 
is loo great, any increase in the slippage 
v will be accompanied by a decrease in the 
drag force F, and vice versa. Therefore the 

45 sign of the time derivative of g will, in this 
case, be opposed to that of the time deriva- 
live of F. It may thus be said that when 
dg dF 
— has the same sign as — . C must be 

50 dt dt 

increased, whereas when these derivatives 
have opposed signs, C must be decreased. 

li will be appreciated that, under these 
conditions, a correct braking control re- 

55 quires a knowledge, at each instant, of the 
true ground speed V of the aircraft, of the 
speed of revolution n of the wheel being 
braked, and of iht braking torque C applied 
io said wheel, the specific use made of 

60 these quantities being described in detail 
below. 

Returning now to Fig. 1, the hydraulic 
braking servo-control 4 is arranged in such 
a manner as to bfe able to cause the appli- 
65 cation of a regulatable braking torque C 



to at least one wheel of the landing gear 
and this servo-control 4 is controlled by 
an electronic system 5 into which are in- 
troduced signals representing, among othfer 
quantities, the discussed above parameters, 70 
The electronic system, as shown in greater 
detail in Fig. 4, contains means which are 
intended to cause the slippage g of wheel 
3 to tend toward an optimal value such 
that k will be near its maximum value. 75 
This system 5 comprises, essentially, an 
analog aircraft landing computer 6 and a 
regulator 7. 

Referring first to computer 6, it is de- 
signed and programmed so that, when 80 
supplied with input signals containing in- 
formation indicating thfe true ground speed 

V of the aircraft, the braking torque C and 
the speed of revolution n of the wheel 3 

at each instant, it can continuously and 85 
regardless of the condition of the landing 
strip: 

(1) First on the basis of the values of 
C and n, calculate the drag forcfe F exer- 
ted on wheel 3; 90 

(2) Then on the basis of the values of 

V and n, calculate the value of the slippage 
g of wheel 3; 

(3) Then, using the values obtained 
abov^, determine the respective signs of 95 
dg dF 

— and — ; 
dt dt 

(4) Then compare the signs of these two 
derivatives and generate a binary signal 100 
characteristic of this comparison, the dura- 
tion of this signal being dependent on the 
persisiance of the variations in thb data 
originally introduced into the computer; 

and 105 

(5) Finally, on the basis of the nature 
and duration of said binary signal, develop, 
in a continuously variable manner, a signal 
representing the assigned slippage" ^o, which 
quantity repitjsents a slippage value which 110 
is best adapted to the conditions existing 

at the moment under consideration, this 
assigned slippage g^ corresponding to an 
assigned angular wheel velocity rio. 

Referring now to regulator 7, it may 115 
first be notted that it is connected to receive 
at least two input signals one of which 
represents the assigned wheel speed n„ and 
•the other of which represents the instan- 
taneous whefel speed n. The regulator is 120 
arranged so as to control braking servo- 
control 4 in such a way as to cause the 
instantaneous value of n for wheel 3 to be 
maintained as close as possible to the 
value of /To developed by computer 6. 125 

To thesfe ends, and as shown in the em- 
bodiment of the electronic system shown in 
Fig. 4. the computer 6 is fed with three 
electrical signals the respective values of 
which represent V, C and n, 130 
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The signal relating to the true ground 
speed V could be obtained either from a 
speed indicating instrument 8 mounted in 
the aircraft (as indicated in Figs. 1 and 

5 4) or from an apparatus on the ground 
(e.g. ground control radar) which transmits 
a signal indicative of the instantaneous 
value of the speed V of the aircraft 

With regard to braking torque C exerted 

10 on wheel 3, this quantity could advantag- 
eously be measured by incorporating brake 
3a into a dynamometer arrangements car- 
ried by landing gear 2. Such an arrange- 
ment may, as shown in Fig. 4, be provided 

15 by harnessing brake 3a to gear 2 through 
a retaining bar 9. The strains experienced 
by said bar will then be a function of thb 
braking torque C and they can be meas- 
ured by a strain gauge 10 which would 

20 thus directly furnish an electrical signal 
indicative of the value of torque C. 

According to a non -illustrated modifica- 
tion of the above-described torqire measur- 
ing means, bar 9 could be replaced by a 

25 hydraulic jack equipped with a suitably 
cahbrated manometric measuring instru- 
ment capable of responding to changes in 
the pressure of th'e fluid contained in said 
jack, these changes being proportional to 

30 the braking torque. 

However, in certain cases the presence 
of a bar 9 or of a hydraulic jack would 
create problems. In such cases there could 
advantageously be provided a torque meas- 

35 uring unit comprising a manometric unit 
mounted in the hydraulic circuit control- 
ling brakes 3a. As a matter of fact, sup- 
posing the braking effectiveness to remain 
constant, the variations in the hydraulic 

40 braking pressure can be considered as 
being substantially proportional to the 
variations in the braking torque C. 

Turning now to the determination of the 
angular wheel velocity n, it can easDy be 

45 measured, as is shown in Fig. 4, by means 
of an axially mounted tachometer 1 1 driven 
by wheel 3, or by means of a counting 
system utilizing magnetic contacts or photo- 
electric cells. 

50 DETAILED OPERATION OF 

COMPUTER 6 
The computer shown in Fig. 4 represents 
one form which this unit may take, and 
comprises: 

55 An adding unit 12 receiving signal C 

dn 

and a signal — representing the instantan- 

dt 

ecus time derivative of wheel velocity n, 
60 this derivative having been produced by a 
differentiating unit 13 receiving, at its in- 
put, the signal representing /i, said adding 
unit 12 being arranged so as to produce, 
at its output a signal characteristic of the 
65 drag force F applied to wheel 3 and which 



is equal to 

I dn 
F=— (C-I — ) 
R dt 

wherein I represents the moment of inertia 70 
of wheel 3 about its axis, both I and R 
being constant and depending on the nature 
of wheel 3; 

a differentiating unit 14 receiving signal 
F and producing a signal proportional to 75 
dF 



an adding unit 15 receiving the signals 
V and n and developing a signal propor- 80 
tional to the slippage g according to the 
formula: 

V-nR 

g= ; 

V «5 
a differentiating unit 16 receiving signal 
dg 

g and delivering a signal — ; 

dt 

a divider circuit 17 into which signals 90 
dF dg 

— and — are introduced and which pro- 
dt dt 

dF 

duces an output signal proportional to — ; 95 

dg 

a sign detecting unit 18 receiving the 
dF 

signal representing — , detecting its sign. 

dg 100 
and producing, at its output, a binary 
signal equal either to -f U or — U, depend- 
dF 

ing on the sign of — ; 

dg 105 
an integrating unit 19 receiving the 
binary signal produced by unit 18 and de- 
livering a binary signal of variable duration 
±Ut; 

an adding unit 20 receiving the output no 
from unit 19 and also possibly receiving 
a constant signal proportional to an initial 
assigned slippage gcx. said unit 20 produc- 
ing an output signal proportional to the 
assigned slippage gr*, and 115 

a final control unit 21 receiving the 
signals representing gc and V and deliver- 
ing at its output a signal representing the 
optimum, or "assigned" angular wheel 
velocity Ue. ^ 

Referring now to regulator 7, one form 
of which is shown in Fig. 4, this system 
comprises: 

a comparator unit 22 which receives, on 
the one hand, the signal n^ developed in ! 2: 
computer 6 and. on the other hand, the 
signal n produced by tachometer 11 and 
produces an error signal e=n — n^ represeni- 
ing the difference between the two input 
signals; 130 
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an amplifier 23 connected to comparator 
22 lo amplify signal e into a signal E; 

an adding unii 24 into which are intro- 
duced the amplified signal £ and a signal 
dn 

proportional to — (which is equal to 
dt 

d(e + He) de dno 

and therefore to — H pro- 

dl dt dt 



duced by a differentiating unit 13^? (unit 
13a could exist as a separate unit in regu- 
lator 7 or its function could be fulfilled by 
the unit 13 of computer 6), which signal 
15 dn dno 

— is due to the fact that — is very small 
dt dt 

do de 
with resj)ecl tb — , equivalent to — , so 
20 dt dt 

that adding unit 24 may be considered as 
receiving input signals representing E and 
de 

— and delivering at its output, a signal 
25 dt 

de 

corresponding to E — , and 
dt 

an amplifier unit 25 which is connected 
iO de 

to amplify the E -f — signal and which 
dt 

has its output connected to the braking 
servo-control 4 controlling the operation 

35 of brakes 3a in such a way as to cause the 
angular rate of rotation n of wheel 3 to 
approach the assigned value no. 

The regulator 7 operates in such a way 
as to cause the circuits 22-25 to make the 

40 speed of rotation n dependent on the assign- 
ed rotating speed nc given by computer 6. 
The circuit made up of units 13a — 24—25 
functions to increase the speed of response 
of the first mentioned circuit by adding to 

45 the amplified error signal its time deriva- 
de 

live — . so that one obtains a balanced 
dt 

average output which takes into account 

50 variations in the error signal e. 

It should be noted that the various por- 
tions of the electrical system 5 can be 
arranged in ways different from that shown 
in Fig. 4 and may, in particular, be arran- 

55 ged in the modified ways shown in Figs. 5 
and 6. in which figures the same reference 
numbers represent the same units as those 
of Fig. 4. 

According to the modification shown in 
60 Fig. 5, there is provided, at the output of 
the differentiating unit 14 providina an out- 
dP 

put proportional to — , a first sign detector 
dt 

65 26 and. at the output of the differentiating 



unit 16 providing an output proportional to 

— , a second sign detector 27, said sign 
dt 

detectors 26 and 27 each delivering a vol- 70 
tage Df amplitude +Uo the sign of which 

dF 

depends on the sign respectively, of — and 

dt 

dg 75 
dt ' 

These voltages ±Uo are then applied, 
through diodes 28 to two AND gates 29 
and 30, the arrangement of said diodes 28 80 
dF dg 

being such that, if — and — are both of 
dt dt 

the same sign, one of the circuits 29 and 

30 will be rendered conductive and will 85 

dF 

supply a certain current while, if — and 

dt 

dg 

— arc of opposed signs, neither of the 90 
dt 

AND gates 29 and 30 is fed with current. 

The outputs of AND gates 29 and 30 
are both delivered to an electronic relay 

31 which in turn delivers a binary signal 95 
of amplitude U and the sign of which de- 
pends on whether or not one of the AND 
gates is fed with (and delivering) current; 
i.e. according to the respective signs of 

dF dg * dF 100 

— and — , and thus of the sign of — . 
dt dt dg 

The binary signal is then integrated with 
respect to time in an integrating unit 19 
which delivers a binary signal ±tjt having 105 
a variable duration. This signal is added 
in adding unit 20. to a constant signal 
representing an initial assigned slippage 
gca to produce a resultant signal represent- 
ing the instantaneous assigned slippage g^. 110 
This signal is employed by the final control 
unit 21 to produce a signal proportional to 
the assigned angular wheel speed n,. 

The modified regulator 7 of Fig. 5. into 
which is introduced the above mentioned 115 
Hr signal, as well as the signal n representing 
the instantaneous angular wheel velocity, is 
identical with the regulator of Fig. 4, with 
the exception that, in Fig. 5. a different type 
of output signal is delivered. For this pur- 120 
pose the linear output amplifier 25 of Fig. 
4 is replaced by a sign detector 32 which 
will deliver a voltage ^-U, if error e is posi- 
tive and a voltage — Us if error e is 
nesative. 125 

It may thus be noted that when ^ tends 
to increase, the servo-control 4 exerts a 
weaker braking force on brakes while if 
g drops below g^ the servo-control receives 
a signal which causes it to increase the brak- 130 
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ing force on brakes Sc. 

The second modification of the electronic 
assembly 5 represents a considerable simpli- 
fication of the preceding one. As a matter of 
5 fact, in most situations, and above all if one 
considers sufficiently short time intervals, 
when regulator 7 delivers a voltage +Us 
(representing an increase in the braking) the 
instantaneous slippage g tends to increase 

and — is positive, whereas when regulator 
dt 

7 delivers a voltage — (decrease in the 
braking force) the instantaneous slippage g 
15 dg 

tends to decrease and — is negative. Thus, 
dt 

it is possible to dispense with a direct deter- 

70 mination of the sign of — and the know- 

dt 

ledge of the sign of this quantity can be 
determined from the nature of the output 
of regulator 7. It is therefore possible, as 

25 shown in Fig. 6, to eliminate units 15, 16 
and 27 (of Fig. 5) and to apply the output 
from regulator 7, through diodes 28 (suit- 
ably arranged), to one input of each of the 
AND gates 29 and 30. 

30 With this arrangement it may happen that 
the initial hypothesis is not complied with 
during a very short portion of one of the 
braking phases, but, taking into account the 
speed of response of assembly 5, the harm- 

35 ful effect of such an occurrence will be 
negligible. This is due to the fact that the 
deviation is immediately detected by com- 
puter 6 then cancelled the next instant by 
regulator 7. 

40 Returning now to the means 8 (Figs. 1 
and 4) for measuring the aircraft true 
ground speed V, it may be noted that this 
function may be performed by any number 
of well-known means, such as a Doppler 

45 radar or a tachometer attached to a non- 
braked wheel. However, it seems preferable 
to employ an arrangement which represents 
a complementary feature of this invention, 
and which can be utilized independently of 

50 the principal structure of this invention. 
This measuring means may be used in any 
device requiring a signal proportional to the 
velocity V. 

The above described means, as shown in 
55 the block 8 of Fig. 4, comprises: 

an accelerometer 33, advantageously of 
the inertia type, mounted in aircraft 1 and 
arranged to measure the longitudinal accele- 
dV 

60 rations — ; and 
dt 

an intergrating unit 34 receiving the out- 
put of unit 33 and a reference signal no 
characteristic of the velocity Vq of the air- 
65 craft prior to the application of any braking 



force, this signal n-, being advantageously 
delivered from the tachometer 1 1 which was 
described above. 

The instantaneous velocity V of the air- 
craft can be represented by the expression: 70 

t 

dV 

V = Vo — — dt, or 

dt 

o 75 
t 

dV 

V = no R - — dt 

dt 

o 80 
Turning now to Fig. 7 there is shown, in 
a detailed manner, one possible form of the 
hydraulic system constituting the servo-con- 
trol 4 permitting the actuation of the brake 
3a through the intermediary of a servo-valve 85 
35 controlled by regulator 7. 

According to the arrangement shown, the 
manual braking control operative by the 
pilot, for example a pedal 36, is operatively 
connected with an electrical transmitter 37 90 
delivering to regulator 7 a signal of an in- 
tensity variable with the magnitude of 
travel of pedal 36. Due to this arrangement, 
the intensity of the signal sent by regulator 
7 to the driving motor 38 of servo-valve 35, 95 
and accordingly the maximum pressure level 
which said servo-valve 35 can deliver, and 
in a general manner the braking action, can 
be controlled by the pilot by a mere de- 
pression, applying more or less effort of said 1 00 
pedal 36. 

Servo-valve 35 may advantageously be 
fed by a pump 39 through the intermediary 
of a one-way valve 40 and a pressure accu- 
mulator 41, the return of fluid being pro- 105 
vided for by a tank 42. 

In the case where the present invention 
is mounted in a piloted aircraft there is 
placed at the disposition of the pilot a 
switch 36rt mounted in the power circuit of 110 
electrical assembly 5. This switch permits 
the operation of assembly 5 to be turned 
on or off. thus rendering the aiuomaiic 
braking either operative or non-ojjerative, 
while the pedal 36 gives the pilot the pos- 115 
sibility of limiting the level of the automatic 
braking. 

Thus, the braking may be performed, at 
the will of the pilot, in one of the three 
following ways: 1-0 

When switch 36fl is closed (automatic 
braking) and pedal 36 is depressed to the 
maximum (no limitation of the level of 
automatic braking), an optimum braking is 
provided, which assures the stopping of the 125 
aircraft in a minimum distance; 

When the switch 36a is closed (automatic 
brakin<^) and pedal 36 is only partially de- 
pressed (limitation of the automatic braking 
level), an optimum braking is provided be- 130 
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low the braking level fixed by the pilot, the 
aircraft slopping distance being obviously 
greater than in the preceding case, such an 
arrangement enabling the piJot to slop at 
5 any desired point on the landing strip; or 
When switch 36a is open (automatic 
braking inoperative), the braking level is 
only dependent on the position of pedal 36 
(ordinary manually controlled braking). 
10 Moreover, the pilot generally also has at 
his disposal an emergency brake system 
which could use certain elements of the 
above-described device. 
The present invention may also be used 
15 in a pilotless aircraft, in which case the 
closing of switch 36a, and if desired the 
operation of pedal 36. would be effected by 
remote control. 

Another embodiment of the invention 
20 relating to a particularly simple construction 
of computer 6 will now be described. 

in this embodiment, the. drag force F 
exerted on wheel 3 (and calculated from the 
braking torque C exerted on the wheel and 
25 from the angularly velocity n of said wheel) 
is sent to a circuit operating as a detector 
of maximums. 

For this purpose, and as shown by Fig. 
8. computer 6 comprises, as in the above 
30 embodiment, adding unit 12 which receives 
dn 

signal C and signal — (produced from the 
dt 

signal n in differentiating unit 13). 
35 The characteristic signal of drag force F 
is then sent: 

on the one hand to a detector circuit 43 
comprising a diode 44, a capacitor 45 and 
a relay 46 capable of discharging, when it 
40 is energized, capacitor 45; 

and on the other hand to a differential 
amplifier 47 which also receives the dis- 
charge current of the capacitor 45 of 
detector circuit 43. 
45 The output of differential amplifier 47 is 
then connected: 

on the one hand to relay 46; 
and on the other hand to a chain com- 
prising in series a Schmitt trigger circuit 48, 
50 a binary circuit 49 and an adding unit 50 
delivering a binary signal ±U. 

This binary signal ±U is integrated in an 
intecrating unit 51 which therefore delivers 
the binary signal ±Ut of variable duration. 
55 Signal +Ut is transformed in a control 
unit 52 which also receives the signal V 
characteristic of the velocity of the aircraft, 
said control unit then delivering signal Vgo 
defined by the following relation 
60 Vg. = V — Rn„ 

R beinj! the radius of wheel 3. 

Finailv, an adding unit 53, receiving 
sisnals Vg^ and V, delivers signal nr. 
The capacitor (45) is chai>ged by a strong 
65 impedance-diode (44) — : this capacitor (45) 



cannot therefore be discharged in a very 
short time. It is necessary, in order to dis- 
charge this capacitor (45). that the relay (46) 
be excited. 

If F varies from F^ to Fb when g varies 70 
from ga to gb, the theoretical function F^s^ 
passes through the maximum Fm corres- 
ponding to g = gM. 

When F increases from Fa to Fm. the 
voltage at the terminals of the capacitor (45) 75 
increases from Uca to UcM and it remains 
equal to UfM when F diminishes from 
Fm to Fb. since the capacitor (45) cannot 
discharge d uring this very short time. 

Therefore, when s increases from g^ to 80 
gb the voltage at the terminals of the 
capacitor (45), voltage Up which constitute 
the signal representing F, increases from U« 
to UfM. The derivative of this voltage with 

dUc 85 
respect to the slippage is positive or 

zero in the interval (g*. gu). which leads to 
dF 

considering that — is not negative, there- 90 
dF 

for that — greater than or equal to O. The 

cain (47), (48), (49). (50) then delivers a 95 
signal +U. integrated to give the signal 4-Ut 

dF 

so far as it can be considered that — greater 

d. ^ 

than or equal to O. 100 

Inversely, if F varies from Ft to Fa when 
g varies from Gb to ga, the theoretical func- 
tion F,.., passes through the maximum Fm 
corresponding to g = gM. 

When F increases from Fh to Fm the vol- 105 
tage at the terminals of the capacitor (45) 
increases from Uri. to UcM. The derivative 
of this voltage with respect to the slippage 
dUo 

is negative or zero in the interval Cgt, 110 

dg 

dF 

ga). which leads to considerinc that — is not 

d. 

dF 115 

positive, therefore that — less than or equal 

d- 

to O. 

The chain (47), (48), (49), (50) then de- 
livers a signal — U, integrated to give the 120 
signal — Ul so far as it can be considered 
dF 

that — less than or equal to O. 
d.. 

When the differential amplifier (47) 125 
detects a difference between U*.m and F 
greater than a detection threshold D, the 
relay (46) is excited and discharges the 
capacitor (45), which permits a new deter- 
mination of the maximum value of F. 130 
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The output signal Uo of computer 6 made 
according to the last described embodiment 
is then fed to regulator 7, which is for in- 
stance identical Jo those above described. 

5 Finally Fig. 10 shows a braking system 
particularly interesting when the hydraulic 
braking circuit servo-control 4 includes a 
pressure operated servo-valve. In this case 
it may be considered that the transfer func- 

10 tion of said servo-valve is constant within a 
very short time interval. It is then possible 
to dispense with the measurement of the 
torque C exerted on wheel 3 since this 
torque C is proportional to the signal ±Us 

15 delivered by regulator 7. 

Computer 6 then receives, as shown by 
Figure 10, in addition to the signals repre- 
sentative of the instantaneous angular speed 
n of the wheel and of the velocity V of the 

20 aircraft, the signal ±Us delivered by 
regulator 7. 



WHAT WE CLAIM IS:— ^ , 

1. A braking sytem for vehicles adapted 
to run on the ground, comprising at least 
25 one servo-control arranged so as to be 
capable of producing on at least one wheel 
of radius R and of inertia moment I 
belonging to the vehicle to be braked an 
adjustable braking torque, the said servo- 
30 control being subjected to an electronic 
system into which is introduced mforma- 
tion relating to the movements of the said 
vehicle, more particularly information rela- 
ting to the speed V of the vehicle itself, the 
35 braking torque C exerted on the braked 
wheel and the instantaneous angular speed 
n of the said wheel, characterised in that 
the electronic system comprises, (A) a com- 
puter capable, at each instant and what- 
40 ever the state of the ground, (a) of produc- 
ing a binary signal ± Ut of variable dura- 
tion, the sign of this binary signal ± Ut 
being the sign of the derivative of the drag 
1 dn 
45 force F=— (C-I — ) relatively to the 
R dt 
nR 

slippage g = 1 . whereas the duration 

50 of this binary signal ± Ut is equal to the 

oF 

time during which the s^d derivative — 

dg 

retauis the same sign, the sign of this 
55 dF 

derivative — being determined directly or 

dg 

indirectly, and (b) of using the sign and the 
duration of this binary signal ± Ut to 
60 produce another signal go known as the 
"assigned slippage" signal representmg a 
slippage better adapted to the conditions 
existing at the instant in question, this 
assigned slippage gc corresponchng to an 



angular speed nc of the braked wheel, 65 
known as the ^'assigned angular speed", 
and (B) a regulator receiving, amongst 
other information, an information relating 
to the said desired angular speed nc and an 
information relating to the instantaneous 70 
angular speed n of the braked wheel, the 
said regulator acting on the said servo- 
control in such a manner that the value of 
the instantaneous angular speed n is main- 
tained at the value of the desired angular 75 
speed no calculated by the computer. 

2. A braking system according to Claim 
1, characterised in that the speed of the 
vehicle V itself relatively to the ground Is 
determined by (a) an accelerometer advan- 80 
tageously of an inertia type which is situa- 
ted on board the vehicle and is arranged 

so as to be capable of measuring the longi- 
tudinal accelerations thereof, a.nd (b) an 
intergrating unit receiving the signal emit- 85 
ted by the said accelerometer and a refer- 
ence signal characteristic of the initial con- 
ditions, i,e. before braking, as regards the 
said vehicle speed V. 

3. A braking system according to Claim 90 
1, characterised in that the signal gc 
characteristic of the assigned slippage is 
produced in an adding unit receiving the 
binary signal ± Ut of variable duration 
and possibly a signal representing an 95 
assigned slippage set once and for all at 
the input of the said adding unit. 

4. A braking system according to Claim 
1, characterised in that the signal n^ charac- 
teristic of the assigned angular speed, cor- 100 
responding to the assigned slippage g„ is 
produced in a control unit receiving the 
signal gc representing the assigned slippage 
and a signal representing the speed V of 
the vehicle itself. 105 

5. A braking system according to Claim 
I, characterised in that the regulator com- 
prises a comparator unit receiving the 
signals representing the assigned angular 
speed nc and the instantaneous angular no 
speed n. and emitting an error signal e 
equal to the difference between the two 
satid signals! 

6. A braking system according to Claim 
5, characterised in that the error signal e 115 
is amplified to a signal E to which there 
is added, in an adding unit, its derivative 

de 

relatively to time, the signal E -f — thus 

dt 120 

developed then acting on the servo-control. 

7. A braking system according to Qaim 
1, characterised in that the regulator is 
arranged so as to emit an output voltage 
± U,, the sign of this output voltage cor- 125 
responding to the sign of the difference 
between the two signals representing res- 
pectively the assigned angular speed Uc 
and the instantaneous angular speed n. 
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8. A braking system according to Claim 
1 wherein the computer comprises means 
for calculating separately the derivatives 
relatively to time of the drag force F and 

5 the slippage g. characterised in that the 
signs of the said two derivatives are com- 
pared in a divider circuit followed by a 
sign detecting unit which emits at its out- 
put a voltage ± U the sign of which is 

10 that of the derivative of the drag force F 
relatively to the slippage g, the said voltage 
± U being then integrated in an integrating 
unit which produces the variable-duration 
binary signal ± Ut. 

15 9. A braking system according to Claim 
1 wherein the computer comprises means 
for separately calculating the derivatives 
relatively to time of the drag force F and 
the slippage g. characterised in that the res- 
pective signs of the two said derivatives are 

20 detected separately in a first sign detector 
and in a second sign detector, each emit- 
ting a voltage ± U© the sign of which is 

dF 

that of the corresponding derivative — or 
25 dt 
dq 

— , the said voltage ± Uo being applied 
dt 

by means of four diodes to two circuits of 

30 the AND type co-operating with a relay, 
the said assembly, composed of diodes. 
AND circuits, and a relay, being arranged 
in such a manner that the said relay 
delivers a voltage ± U the sign of which 

35 is that of the derivative of the drag force 
F relatively to the slippage g. the said 
voltage ± U being then integrated in an 
integrating unit which produces the vari- 
able-duration binary signal + Ut. 

40 10. A braking system according to 
Claim 7 wherein the computer comprises 
means for calculating the derivative rela- 
tively to time of the drag force F, charac- 
terised in that the sign of the said deriva- 

45 tive is detected in a sign detector producing 
a voltage ± Uo the sign of which is that 
dF 

of the derivative — . this voltage ± Uo 
dt 

50 being, with the output voltage ± U, de- 
livered by the regulator, applied by means 
of four diodes to two AND circuits co- 
operating with a relay, this assembly con- 
sisting of diodes, AND circuits and a relay 

55 being arranged in such a manner that the 
said relay delivers a voltage ± U the sign 
of which is that of the derivatJve of the 
drag force F relatively to the slippage g, 
the said voltage ± U being then integrated 

60 in an integrating unit which produces the 
variable-duration binary signal ± Ut. 
11. A braking system according to 



Claim 1. characterised in that the drag 
force F is introduced into a maximum 
detector circuit which co-operates with a 65 
chain comprising a circuit of the ^'Schmitt 
trigger" type, a binary circuit and an add- 
ing unit, the said chain delivering a voltage 
±"U the sign of which is that of the deri- 
vative of the drag force F relatively to the 70 
slippage g, the said voltage ± U being 
then integrated in an integrating unit which 
produces the variable-duration binary 
signal ± Ut. 

^12. A braking system according to 75 
Claim 11, characterised in that the maxi- 
mum detector circuit comprises a diode» a • 
capacitor and a relay capable of discharg- 
ing the capacitor when it is energised. 

13. A braking system according to 80 
Claim 12. characterised in that the signal 
characteristic of the drag force F is trans- 
mitted (a) to the maximum detector circuit 
and (b) to a diffcrcptial amplifier which 
also receives the discharge current of the 85 
capacitor of the maximum det^ector circuit, 
the output of this differential amplifier 
being connected to the relay of the said 
maximum detector circuit and to the chain 
comprising the "Schmitt trigger", binary 90 
circuit and adding unit. 

14. A braking system according to 
Claim 7 wherein the servo-control com- 
prises a pressure-dependent servo-valve, 
characterised in that the information rela- 95 
ting to the braking torque C is constituted 

by the output voltage + U, produced by 
the regulator. 

15. A computer controlled wheel brak- 
ing system constructed and arranged sub- 100 
stantially as described herein with reference 

to Figures 1 to 4, 7, 8 and 9 of the accom- 
panying drawings, or as modified in any 
one of Figures 5, 6 and 10 thereof. 
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